Abstract
Fifteen NMHC species (see Table 1 ) were detected using online gas chromatography-106 flame ionization detection (GC-FID) and gas chromatography-mass spectrometry (GC-MS) at a 107 time resolution of 1-2 h. During measurement, ambient air was first directed to a pre-108 concentration unit (GAS-30; DKK-TOA Corp., Ltd., Japan) with a sampling time of 10 min.
109
Valves and transfer lines were maintained at 80°C to minimize the loss of VOCs in samples, and 110 the trapping tube was held at approximately -78°C using liquid carbon dioxide. Calibration of the 111 GC/FID/MS was performed using a gas standard of 1 ppm containing 58 VOC components 112 (PAMS-J58; Sumitomo Seika Chemicals Corp., Ltd., Japan). The detection limit of NMHCs by 113 GC/MS was 0.002 -0.005 ppbv at a signal/noise ratio of 3 (Kudo et al., 2014 
(2) 
159 where i and j represent the number of samples and chemical species that were measured, 160 respectively, and e !" is the residual for each sample/species. The PMF solution minimizes the 161 object function Q, as follows:
where u !" is the uncertainty for each samples/species. This approach integrates non-negativity 
231
Diurnal variation in the NO x /NO y ratio is illustrated in Fig. 3e . In general, a higher 232 NO x /NO y ratio indicates that pollution plumes have a shorter photochemical age. In the present 233 study, we found that the plumes on high-O 3 pollution days were not photochemically aged
234
(NO x /NO y ratio > 0.5) when they were transported to the observation site in the morning, and 235 they gradually became aged (NO x /NO y = 0.2) due to strong photochemical processes in the 236 daytime. For low-O 3 pollution days, the NO x /NO y ratio did not vary significantly and had a mean 237 of 0.34 ± 0.1.
238
As shown in Fig. 3g , the total NMHC concentration on the high-O 3 pollution days and NMHCs (Fig. 4d) at the site were also related to emissions from the urban/industrial areas to the 256 south. Figure 4e shows that air masses from the west and south normally were less 257 photochemically processed, with an NO x /NO y ratio larger than 0.5, especially during the high-O 3
258
pollution days when the NO x /NO y ratio was greater than 0.8.
259
The NMHCs/NO x ratio partially reflected the characteristics of emission sources and The net photochemical production of O x (P(O x )) during the field campaign was 272 calculated based on Eqs.
(1) -(3). Figure 5 shows the diurnal variations in P(O x ) for three high-
273
O 3 pollution days. As shown in Fig. 5a and Fig. 5d, Fig 5c and Fig 5f) , the daytime maximum P(O x ) was found to be 19 ppbv had an abundance of low-weight alkanes and fewer fractions of high-reactive species and NO 2 .
358
As reported previously (Yuan et al., 2012) , NMHC photochemistry could lead to different time
359
series for more and less reactive species, and PMF can detect these differences and attribute 360 more or fewer reactive species to different factors, even though they originate from the same 361 source. Therefore, we cannot identify the emission sources for these two factors. Instead, we 362 attributed factors 1 and 2 to less-processed and more-processed air masses. Factor 3 was 363 considered an OBB-related source due to the pronounced contribution of furan and acetonitrile 364 with mass fractions of 64% and 50%, respectively. This factor also accounted for 72% of total 365 isoprene, 51% of MVK + MACR (oxidation production of isoprene), and 52% of acetic acid. As
366
shown in previous studies (Kudo et al., 2014) , factor 3 would retain the source characteristics, as the OBB occurred near the observation site.
368
The sensitivity of each source on P(O x ) at the site was quantified as follows. The NMHC
369
and NO x concentrations of one selected factor were artificially increased by 10%, while the production.
383

Biogenic isoprene
384
In the present study, mean mass concentrations of isoprene and MVK+MACR (photo-385 oxidation products of isoprene) at the site were 0.2 ± 0.1 ppbv and 0.8 ± 0.6 ppb, respectively, [MVK+MACR]/isoprene ratio was ~30 in this study. Third, the observation site was located 397 adjacent to a large wheat field, and wheat plants emit small amounts of isoprene (Kesselmeier 398 and Staudt 1999); the diurnal variation in isoprene at the site did not show a pronounced 399 enhancement at noontime (10:00 -15:00 CST), and the 6-h averaged isoprene concentration was 400 0.19 ± 0.16 ppbv. Based on these observations, we deemed that biogenic sources had limited 401 impacts on in situ O x production and were therefore neglected in the above discussion. processed, more-processed, and OBB-related sources) to in situ O x production were evaluated.
447
We found that less-processed and more-processed air masses were responsible for 83% of the 
